In this paper the dynamic properties of the soil profile near the location of the Snowball detonation (Suffield Experimental Station, Watching Hill Site, Alberta, Canada) are given which pertain to the prediction of the airblast-induced ground motions in the superseismic region. Predictions based upon the available dynamic properties are given and compared with the ground motions measured by the Waterways Experiment Station. The majority of these borings were used for construction of sand columns and installation of free-field transducers. The locations of borings in which undisturb3d samples were taken for 1 sting by the Waterways Experiment Station (WES) are shown in fig. 1 
5.
The samples sent to the laboratory were subjected to routine identification and classification. Unconfined compression strengths were determined and several consolidation tests were conducted. Vibration tests and unconsolidated, undrained triaxial tests were conducted and reported by the firm of Shannon and Wilson.
In addition to the tests described above, a new type of dynamic test was conducted on one of the Suffield samples in the Small Blast Load GOnerator (SBL) at WES; this test will be described in detail liter. Fig. 2 shows typical grain-size distribution curves obtained frum representative samples from various depths. As a result of the various laboratory tests described above, the soil profile has been divided into representative layers as shown in fig. 3 it is borderline between a CL and a CH in the Unified Soil Classification
6.
System. From a depth of 27 to 32 ft, an interbedded stratum of coarse sand and gravel, which was encountered in boring A, is shown in fig. 3 ; this stratum was encountered in all three borings, A, B, and C, but at different levels. The grain-size distribution of a sand sample from this layer is shown in fig. 2 . From a depth of 32 ft down to at least a depth of 67 ft the soil is a gray silty clay. The water content in this layer is about 23 percent, and the unconfined compressive strength averages about I ton/ft 2 . The liquid limit is 37 and the plastic limit is 16; therefore, this clay is a CL .n the U:ified Soil Classification System. Several consolidation tests were run on samples from this stratum and the analyses of the e log P curves indicate that the layer is essentially normally loaded with a compression index of 0.25. fig. 6 , the modulus as determined by this type of test varies from about 24,000 psi at the surface to 13,000 psi at a depth of 10 ft, and from a depth of 10 to 59 ft is nearly constant between the values of 12,000 and 15,000 psi. 11. Dynamic, confined compression tests were also conducted at the University of Illinois for the Air Force Weapons Laboratory. 3 The results of these tests are also shown in fig. 6 . The dynamic, confined compression tests were conducted with an apparatus as shown in fig. 7 ; in these tests the sample is confined by a steel ring and loaded dynamically with a gas loader which subjects the sample to stress levels commensurate with those expected in the field. The dynamic constrained moduli as determined from these tests are shown in fig. 6 for the 200-, 150-, and 100-psi stress levels. At an overstress of from 200 to 300 psi, the modulus as determined from the dynamic, confined compression tests is about 3000 psi for a depth of 0 to 15 ft. The constrained dynamic modulus at 150-psi overpressure increases with depth, as shown in fig. 6 , from a value of 4500 psi at a depth of 5 ft to a value of 12,000 psi at 15 ft. At an overpressure of 100 psi, the constrained modulus also increases with depth from a value of 8000 psi at a depth of 5 ft, 10,000 psi at a depth of 6 ft, 15,000 psi at a depth of 9 ft, to 21,000 psi at a depth of '.5 ft. These data indicate clearly that as the stress level increases at a given depth the constrained modulus decreases; and that for any given value of the vertical stress, o v , the constrained modulus generally increases with depth. fig. 6 . This test was conducted on a sample from a depth of 2 ft at a stress level of 250 psi; the results indicated an effective modulus of 2900 psi which is in good agreement with the constrained modulus values at this stress level as determined from the dynamic, confined compression tests described by Davisson and Maynard. 3 The general objective of this test was to measure the peak stress wave velocity and residual strain in an SBLG tezt on a 5-in.-diameter undisturbed sample utilizing a dynamic pressure pulse of the same magnitude as encountered in the field.
Conditions in the Superseismic

The constrained modulus as
The undisturbed sample was placed in a semicircular cradle, and the cardboard and wax protection were partially trimmed away, as shown in fig. 8a; to form a "stacked ring device" around the sample in order to minimize Both the field observations and laboratory tests conducted at higher overpressures demonstrate the stress wave velocity for a peak stress between 200 apd 300 psi to be about 4/10 of the seismic wave velocity for the top 13 ft of this soil profile. These data then only serve to demonstrate that the seismic velocity is at best only an index property of the profile which serves to give an upper limit to the velocity of propagation and an upper limit to an effective constrained modulus.
14. These data indicate that constrained moduli values backcalculated from the seismic velocity could be in error by as much as a factor of 8 for those shallow portions of the soil profile subjected to an overpressure of 200 to 300 psi. An example follows which demonstrates the use of a procedure for selecting the constrained modulus with depth at a given location if the peak side-on ov-rpressure at the surface can be estimated prior to the shot.
Selection of a Constrained Modulus-Depth Relation
15.
Since the effective constrained modulus at a given depth is a function of the peek vertical stress at that depth, the first step in the selection of a constrained modulus-depth relation is to estimate the attenuation of vertical stress with depth. Predicting the attenuated peek vertical stress with depth has been the object of considerable study and will not be discussed in detail here; the method used will be essentially fig. 9b for a location 200 ft from GZ, which corresponds to WES boring C. At this range the predicted value of the peak side-on overpressure by BRL 9 was 310 psi. In fig. 9a are shown the various data which define the variation of the dynamic constrained modulus with depth for the Suffield Experimental Station soils as determined by the test procedures described previously which utilize various levels of stress. The task then is to look at the data available on the soil in fig. 9a and the predicted attenuateQ vertical stress in fig. 9b and construct a con- 
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small. The constrained modulus-depth relation arrived at by the vrit4r for this particular situation is shown by the smooth black line in fig. 99 .
?
This relation is smooth down to a depth of 23 ft where the water table   table would cause an abrupt discontinuity and the constrained modulus would Jump to a level of 300,000 psi or more. Since the stress levels i-a this experiment were very low below a depth of 23 ft, when considered with a constrained modulus of 300,000 or more, the strains below a depth of 23 ft would be insignificant in causing displacements and were not considered in this analysis.
18. The peak, attenuated, vertical stress-depth curve at a range of i:
Conclusions
The dynamic constrained moduli data available on the Suffield
Experimental Station soils definitely indicate that it is of prime impor-+ tance to measure ^.he constrained modulus of a soil at the stress levels expected at the location of interest in the field. Direct inference of the constrained modulus from the seismic velocity or vibration tests will greatly overestimate the constrained modulus and result in an underestimation of the ground motion.
23. The wave propagation test conducted at WES on an undisturbed sample of Suffield soil gave the same velocity of the peak stress as observed at the same depth in the field; the constrained modulus backcalculated from this peak stress velocity agrees quite well with the dynamic constrained modulus determined at the same stress level in dynamic, confined compression tests on the same soil at the University of Illinois. 3 24. The ground displacements predicted on the basis of the dynamic properties of the soil presented herein agree reasonably well with the observed values. It is ephasized, however, that the analysis presented is preliminary and further analysis of the observed ground motions in terms of the dynamic soil properties is needed. Additional analyses of the ground-motion data will be made in the final report on the earth motion study (in publication). 
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